The volatile oils of Eucalyptus camaldulensis leaves harvested in three agro-ecological areas in Senegal were analyzed by GC-FID and GC-MS. The yields ranged from 0.5 to 1.0%.
Introduction
Senegalese climatic conditions allow the development of several wild and cultivated plants including some species known to contain compounds that are greatly requested by food, cosmetic, and pharmaceutical manufacturers. Spices and essential oils from plants are well known for their various beneficial effects on human health. Indeed the use of aromatic plants and spices in food manufacturing or phytotherapy is mostly due to the essential oils which influence their various technological properties or biological activities, such as flavor, antimicrobial, spasmolytic, carminative, hepatoprotective, antiviral, and anticarcinogenic agents (1, 2) .
Nowadays, several techniques for essential oils extraction have been developed. These methods include: expression, steam distillation, extraction with volatile solvents, and extraction by supercritical CO 2 . The type of extraction process directly influences the quality of the essential oils, and the yields of the extractions. Hydrodistillation is one of the main methods recommended by the standards to have an extract that can be classified as an essential oil. It is the most common and most accessible approach for extracting essential oils.
The Senegalese industry uses several varieties of essential oils. The country import all of these products needed in the diverse economic activities. The market represents 182 T per year and attained around 434 000 US $ in 2014 (3) . This observation has supported the establishment of an international project aimed to implement new diversified systems of production of endemic aromatic plants in the perspective of strengthening development and growth of self-supporting local agro-industries.
In order to investigate the Senegalese potentialities in the field of essential oil production by hydrodistillation, a series of trials has been designed with the goal to:
i.
explore the biodiversity of Senegalese essential oil bearing plants 4 ii. evaluate the valorization of different sources of essential oils selected,
iii. establish a pilot plant for hydrodistillation at the University Gaston Berger (SaintLouis),
iv. estimate the sustainability of this potential activity and finally suggest guidelines for the valorization of essential oils in Senegalese local economy.
In this context a series of investigations have been carried out to study specific resources among which Eucalyptus calmadulensis (phase i.). Eucalyptus (Myrtaceae), considered native from Australia, is a widespread plant genus with more than 700 species wildly grown in many parts of the world (4) . This tree furnishes one of the most-extensively planted pulpwood.
According to Sadio et al. (5), E. camaldulensis Dehnh. is a species able to adapt to various climatic and edaphic conditions. The genus has been introduced in Senegal to prevent desertification and to satisfy population's needs for wood because of its easy adaptability, rapid growth and tolerance to hydric stress (5-7).
Used throughout the world as a traditional herbal remedy, eucalyptus leaves and their essential oils have found various applications in everyday life due to their antiseptic, antiinflammatory and antipyretic properties (2, 8) .The essential oils of E. camaldulensis are used in perfumes and as a food flavoring material (9, 10 E. camaldulensis trees have been listed in the six agro-ecological areas across Senegal.
Three of them named, "Niayes", (Dakar) "Fleuve Sénégal" (Saint-Louis), and "bassin arachidier" (Kaolack) areas have been selected within the field of the present study.
The present original paper reports an investigation focused on the yield, and the chemical composition of the essential oils extracted from leaves of endemic E. camadulensis harvested in three agro-ecological areas in Senegal. Since different factors are able to strongly influence yield and composition of essential oils (17), drying conditions and extraction duration have also been taken into account. Beside essential oils, the residual volatile components in aqueous distillates (hydrosols) were also determined.
Experimental
Eucalyptus camaldulensis leaves 6 The leaves of Eucalyptus camaldulensis were harvested in August 2014 (same phenological stades) in three agro-ecological areas of Senegal:
a."Niayes" area (Dakar) characterized by a very close water table, a mild and humid 
Leaves drying processing and duration
Fresh leaves collected were washed with tap water and dried at room temperature for 03, 07, 14, and 21 days in the shade. The drying process efficiency was monitored by weighting biomass using a RADWAG electronic balance.
Extraction of Essential oils
For each sample, 100 g of dried leaves were submitted to steam distillation for 2 hours and 4
hours (with 1.5 L water) using a Clevenger-type apparatus. Oil yields have been calculated relative to the fresh matter and the presented results are the mean ± standard deviation of triplicates. 
Extraction of the volatile constituents from aqueous distillates

Results and Discussion
Essential oil yields
The yield of essential oils extracted for 2 and 4 hours from leaves of E. camaldulensis varied from 0.5 to 1% depending on growing site, the drying time and the extraction duration (Table   1 The results showed that there are many qualitative similarities between eucalyptus oils studied although the contents of some corresponding compounds were different. Kaolack and SaintLouis oils had the same major components: 1,8-cineole, p-cymene, limonene and α-pinene.
1,8-cineole was higher in Saint-Louis samples (69.3-73.0%). Among the three agro-ecological areas, the "fleuve Senegal" area characterized by a humid climate was the most favorable area for growing eucalyptus able to produce essential oils that met the standards requirements.
Furthermore, the difference in composition is most likely related to the difference in climates in the three agro-ecological areas. It was noted that plant origin influences strongly the chemical composition which can be attributed to abiotic and biotic factors (17).
Effect of drying on the essential oil composition
The chemical composition of essential oils from leaves after 3, 7, 14, and 21 days of drying is shown in Tables 2 and 3 
Aqueous distillate composition
Among the identified products, the major components quantified in Saint-Louis floral water was 1,8-cineole (77.3%) and α-terpineol (3.6%) in Kaolack sample, 1,8-cineole (39.0%),
followed by terpinen-4-ol (8.5%), α-terpineol (8.2%) trans-pinocarveol (6.4%). Dakar floral water had as major constituents: α-terpineol (20.3%) and 1,8-cineole (12.6%), transpinocarveol (9.9%). α-eudesmol (9.9%). spathulenol (6.9%), terpinen-4-ol (6.8%) and cispiperitol (4.9%) were also present at relatively high percentages ( Table 5) . 
Conclusion
In the present work, we conducted a study of both quantitative and qualitative variability of 
